Discharge current oscillation at the frequency range of 10-100 kHz causes serious problems in using an anode layer type Hall thruster in space. As a new approach to the discharge stabilization, azimuthally nonuniform propellant flows were created in an acceleration channel. A plenum chamber was divided into two rooms to which xenon gas was supplied at different flow rates. As a result, stable discharge was achieved in wider operation conditions with the larger mass flow differential. The oscillation amplitude at the maximum thrust efficiency was decreased by up to 94%. In addition, thrust vector was measured and the deviation angle was found to vary with the differential flow rate and magnetic flux density.
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Introduction
A Hall thruster is one of the most attractive propulsion devices for near-Earth missions because of its high thrust efficiency at the specific impulse in the range of 1,000-3,000 s. Hall thrusters are categorized generally into the magnetic layer type and the anode layer type. The former type has a ceramic channel wall. Because of its good operational stability, it has been used in many missions. [1] [2] On the other hand, the latter type still remains under development. It has a metallic channel wall kept at the cathode potential. This metallic wall decreases electron energy loss toward the channel wall and keeps the electron temperature high in the acceleration channel. Hence, ions are accelerated in a thin layer near the anode.
3) Because of these distinguishing features, an anode layer type thruster has several advantages, such as high thrust efficiency, compactness and high erosion resistance. However, its operation tends to be unstable due to the discharge current oscillation [4] [5] and to be limited in a narrow range of operational parameters. This is one of the serious problems in using it as a reliable satellite engine.
In particular, the ionization oscillation at the frequency range of 10-100 kHz has large amplitude and causes harmful effects on the operation. Operation with large oscillation amplitude has the fear that the oscillation grows up and the operation is stopped. In addition, this oscillation enlarges the current capacity margin of power supply. Thus, the unstable discharge leads to low reliability and increase in bus system mass. Figure 1 shows the typical discharge characteristics. Here, oscillation amplitude ∆ is defined as
Threshold magnetic flux density exists near 12 mT and divides discharge characteristics into stable and unstable regions. For B > 16 mT, operation is impossible due to the rapid growth of discharge current oscillation. Although operation is stable for B < 12 mT, I d increases steeply with the decrease in B, which decreases η t . Hence, preferable operation is limited to a narrow B range of 10-12 mT. This sensitivity to B is not suitable because of a low tolerance for change in the discharge characteristics due to the channel wall erosion.
5)
Therefore, in order to take advantage of anode layer type thrusters, it is necessary to stabilize the discharge and widen the stable region with low gradient I d . Although several studies [5] [6] have been conducted to stabilize the oscillation, no way to achieve preferable operation has been found. This paper focuses on a discharge stabilizing effect of azimuthally nonuniform propellant flow rate as a new approach (Fig. 2) . Because the frequency of discharge current oscillation increases with propellant flow rate, a stabilizing effect is expected to be achieved by oscillation cancelling due to the electron drift motion through azimuthal sections with different oscillation frequencies. This effect was found out during the experiment for thrust vector control. Here, thrust vector control is another key technology that steering angle is controlled not by mechanical structures, such as gimbal systems, 7) but by propellant flow regulation. [8] [9] It will save bus system mass and decrease failure probability. In this study, the influence of azimuthally nonuniform propellant flow rate on discharge current oscillation was investigated by introducing a plenum chamber divided into two rooms. In addition, the influence on thrust vector was also measured and discussed.
Experimental Apparatus

Hall Thruster
An anode layer type Hall thruster developed at the University of Tokyo was used in this study (Fig. 3) . Its inner and outer diameters of acceleration channel are 48 and 62 mm, respectively. The guard rings are made of stainless steel and their potential was kept same as the cathode. A hollow anode with the hollow width of 3 mm and anode-tip-to-thruster-exit distance of 3 mm was used. This configuration is the most effective one for discharge stabilization according to the past study. 6) Magnetic field in the acceleration channel was generated by a solenoidal coil on the thruster's central axis. The coil was protected against overheating by a water cooling system. Hollow cathode was used and xenon gas was supplied to it at 0.27 mg/s. Figure 4 shows a plenum chamber divided into right-and-left rooms. Xenon gas was supplied to each room through two ports on the back surface of the thruster. Xenon flow rate through each port was independently controlled by two mass flow controllers (Fig. 5). 
Vacuum Chamber
This experiment was conducted in the vacuum chamber whose diameter and length are 2.0 and 3.0 m, respectively. The pumping system comprises four pumps: a diffusion pump (37000 l/s), a mechanical booster pump (10000 m 3 /h) and two rotary pumps (15000 l/min). The background pressure was kept under 3.8×10 -3 Pa.
Thrust Stand
The thrust vector was measured by using a two-axis dual pendulum thrust stand. 10) This thrust stand has two pendulums and four arms for each pendulum. All joints consist of knife-edges. The supporting points with two orthogonal knife-edges enable pendulums to move in the two directions: axial and transverse direction of a thruster. A thruster and sensor targets are mounted on the inner pendulum and two displacement sensors are set on the outer pendulum. The thermal influence from a Hall thruster plume is cancelled out by those pendulums. According to the thrust calibration by weights, measurement errors were less than 0.25 mN in the axial direction and 0.09 mN in the transverse direction. Figure 5 shows a schematic diagram of measurement system. In order to measure I d , 0.5 Ω metal-film resistor was inserted between anode and discharge power supply. The voltage between its both ends was measured by a digital oscilloscope at the sampling rate of 10 MHz. ∆ was deduced from I d histories measured in 5 ms.
Discharge Current Measurement Systems
Experiment
In order to investigate the influence of azimuthally nonuniform propellant flow rate on discharge characteristics, the normalized differential mass flow rate Figure 6 shows the influence of ɺ . In addition, the regime transition point shifted toward the low B side. Here, the regime transition means that the electron transportation changes from classical to anomalous diffusion. Its point nearly corresponds to the point where I d increases once and its B dependency transits from one decreasing curve to the other. This regime transition point corresponded to the lower B end of the high B stable region. Thus, the transition to anomalous diffusion regime at low B brought about the discharge stabilizing effect. Figure 8 shows the result of thrust measurement. Fig. 9 ).
Results and Discussion
Discharge characteristics
Thrust and thrust efficiency
Discharge stabilizing effect
As shown in Fig. 10 , ∆ at the maximum η t significantly decreased by up to 94%. In addition, the operation characteristics near the maximum η t became insensitive to B (Fig. 9) . For example, the range that η t ≥ 95% of its maximum increment. On the other hand, in the azimuthally nonuniform propellant supply, the above mechanism is also induced by the steady electron density gradient, which increases I d further. Therefore, in order to achieve the discharge stabilizing effect with as small I d increment as possible, it is preferable that electron density is uniform azimuthally at the stable condition and nonuniform only at the unstable condition. This is expected to be achieved, for example, by controlling both flow rate and axial velocity of propellant gas in the azimuthal Although the relationship between α and dif tot / m m ɺ ɺ was linear for B ≥ 30 mT, it was nonlinear for B < 30 mT due to the shift of regime transition point. Therefore, in the case of anode layer type, thrust vector control by azimuthally nonuniform propellant flow rate must be conducted in the anomalous diffusion regime.
Conclusion
A plenum chamber was divided into two rooms with different xenon flow rates and the influence of azimuthally nonuniform propellant flow on the discharge stability and the 2) The discharge stabilization effect was attributed to the regime transition of electron diffusion: The lower limit of stable B range decreased with the shift of regime transition point.
3) The operation in the vicinity of a maximum η t became not sensitive to B. The range that η t ≥ 95% of its maximum became wider from only 21-25 mT to 42-100 mT.
4)
A maximum η t decreased due to I d increment. In order to achieve discharge stabilization without η t decrease, I d increment must be kept small. 
